Suppliers ranking by cross-efficiency evaluation in the presence of volume discount offers by Mahdiloo, Mahdi et al.
University of Wollongong
Research Online
Sydney Business School - Papers Faculty of Business
2012
Suppliers ranking by cross-efficiency evaluation in
the presence of volume discount offers
Mahdi Mahdiloo
University of Wollongong, mahdim@uow.edu.au
Abdollah Noorizadeh
Lappeenranta University of Technology
Reza Farzipoor Saen
Islamic Azad University
Research Online is the open access institutional repository for the University of Wollongong. For further information contact the UOW Library:
research-pubs@uow.edu.au
Publication Details
Mahdiloo, M., Noorizadeh, A. & Saen, R. Farzipoor . (2012). Suppliers ranking by cross-efficiency evaluation in the presence of
volume discount offers. International Journal of Services and Operations Management, 11 (3), 237-254.
Suppliers ranking by cross-efficiency evaluation in the presence of volume
discount offers
Abstract
The performance of each supply chain is significantly related to the performance of the suppliers. Due to the
multiple criteria nature of the supplier selection problem, data envelopment analysis (DEA), as a multiple
criteria decision-making tool, seems to be an appropriate method. This paper specifically focuses on the
supplier selection problem when the suppliers offer volume discounts to encourage the purchase of large
volumes. However, in all the papers which deal with the volume discount concept in DEA models, each
decision-making unit (DMU) is free to decide which outputs and inputs to emphasise that in turn cause to
have many efficient DMUs. Therefore, the main purpose of this study is to use the cross-efficiency method
when suppliers offer volume discounts. A numerical example demonstrates the application of the proposed




Mahdiloo, M., Noorizadeh, A. & Saen, R. Farzipoor . (2012). Suppliers ranking by cross-efficiency evaluation
in the presence of volume discount offers. International Journal of Services and Operations Management, 11
(3), 237-254.
This journal article is available at Research Online: https://ro.uow.edu.au/gsbpapers/551
   
  
   
   
 
   
   
 
   
   Int. J. Services and Operations Management, Vol. 11, No. 3, 2012 237    
 
   Copyright © 2012 Inderscience Enterprises Ltd. 
 
 
   
   
 
   
   
 
   
       
 
Suppliers ranking by cross-efficiency evaluation in 
the presence of volume discount offers 
Mahdi Mahdiloo, Abdollah Noorizadeh and 
Reza Farzipoor Saen* 
Department of Industrial Management, 
Faculty of Management and Accounting, 
Islamic Azad University – Karaj Branch, 






Abstract: The performance of each supply chain is significantly related to the 
performance of the suppliers. Due to the multiple criteria nature of the  
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1 Introduction 
Supply chain is an extension of logistics, which is mostly focused on related actions of 
physical products. Theoretically, supply chain management (SCM) consists of several 
connected logistics systems, which integrates the product and service moving into a 
system, and creates a continuous and seamless linking. Also, all the actions from raw 
materials to end customers for merchandises are fully coordinated. Due to such 
coordination, all the members inside the supply chain will be affected by other chain 
members either directly or indirectly. For instance, if upstream supplier provides 
defective raw materials, this will result in producing defective final products for 
downstream manufacturer. Definitely, this will also reduce the customer satisfaction 
(Kuo et al., 2010a). The short-term objective of SCM is primarily to increase productivity 
and reduce the entire inventory and the total cycle time, while the long-term objective is 
to increase customer satisfaction, market share, and profits for all organisations in the 
supply chain. To accomplish these objectives, tight coordination among the organisations 
in supply chains is needed (Lee et al., 2001). 
Supplier selection is the basis of supply chain cooperation, and is also the key factor 
to improve the competitive power of a supply chain (Liu and Zhang, 2011). The success 
of a supply chain is highly dependent on selection of good suppliers (Hadi-Vencheh, 
2011). Zolghadri et al. (in press) declare that, the design of a supply chain and partner 
selection in particular takes considerable effort in any organisation. The organisation 
needs to understand what is important to them in the selection of a particular supplier, 
i.e., they need to define the criteria by which to evaluate them. They should become 
aware of the variation between the different suppliers for that particular criterion but they 
should also understand what constitutes a good or a bad offer. Zeydan et al. (2010) argue 
that, there are a lot of factors in today’s global market which forces companies to search 
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for a competitive advantage by focusing on purchasing raw materials and component 
parts which represents the largest percentage of the total product cost. For instance, high 
technology products such as motor vehicles, railroad and transport equipment, machinery 
and equipment components, purchased materials and services account for up to 80% of 
the total product cost. Therefore, selecting the right suppliers is a key element to the 
procurement process and represents a major opportunity for companies to reduce costs. 
The objective of this study is to propose a ranking method of suppliers when they offer 
volume discounts. 
The rest of this paper is organised as follows. In Section 2, literature review is 
presented. Section 3 introduces the method which selects the suppliers. In Section 4, the 
proposed algorithm for suppliers ranking is suggested. Numerical example and 
managerial implications are discussed in Sections 5 and 6, respectively. Finally, 
concluding remarks are discussed in Section 7. 
2 Literature review 
Some approaches have been used for supplier selection in the past. Lee et al. (2001) used 
analytic hierarchy process (AHP) for supplier selection and suggested a methodology 
leading to effective supplier management processes utilising information obtained from 
the supplier selection processes. For this methodology, they proposed the supplier 
selection and management system (SSMS) that includes purchasing strategy system, 
supplier selection system, and supplier management system. Wang et al. (2004) 
developed an integrated AHP and preemptive goal programming (GP)-based  
multi-criteria decision-making (MCDM) methodology to select the best set of multiple 
suppliers to satisfy capacity constraint. Sarkis and Talluri (2002) believe that,  
supplier evaluation factors would influence each other, and the internal  
interdependency need to be considered in the evaluation process. The authors applied 
analytic network process (ANP) to evaluate and select the best supplier with respect to 
organisational factors and strategic performance metrics, which consist of seven 
evaluating criteria. 
For selecting vendors and allocating orders, an integrated fuzzy case-based reasoning 
(CBR) and mix integer programming model was proposed by Faez et al. (2009). Lin 
(2009) suggested an integrated fuzzy analytic network process-multi-objective linear 
programming (FANP-MOLP) approach for identifying top suppliers by considering the 
effects of interdependence among the selection criteria, as well as to achieve optimal 
allocation of orders among the selected suppliers. Kuo et al. (2010b) proposed integration 
of particle swarm optimisation (PSO)-based fuzzy neural network (FNN) and artificial 
neural network (ANN) for supplier selection. The authors developed an intelligent 
supplier decision support system which is able to consider both the quantitative and 
qualitative factors. It is composed of: 
1 the collection of quantitative data such as profit and productivity 
2 a PSO-based FNN to derive the rules for qualitative data 
3 a decision integration model for integrating both the quantitative data and fuzzy 
knowledge decision to achieve the optimal decision. 
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Büyüközkan and Çifçi (2011) developed a novel approach based on FANP within  
multi-person decision-making schema under incomplete preference relations. The method 
not only makes sufficient evaluations using the provided preference information, but also 
maintains the consistency level of the evaluations. Finally, the paper analyses the 
sustainability of a number of suppliers in a real-life problem to demonstrate the validity 
of the proposed evaluation model. Amin et al. (2011) presented a decisional model for 
supplier selection which consists of two phases. In the first phase, quantified strengths, 
weaknesses, opportunities and threats (SWOT) analysis are applied for evaluating 
suppliers. The linguistic variables and triangular fuzzy numbers are used to quantify 
variables. In the second phase, a fuzzy linear programming model is applied to determine 
the order quantity. 
In order to develop a flexible data access framework, and to support the partner 
selection activity, the combination of online analytical processing and CBR was proposed 
by Lau et al. (2005). Choy et al. (2004) developed an intelligent supplier relationship 
management system integrating a company’s customer relationship management (CRM) 
system, supplier rating system and product coding system by the CBR technique to select 
preferred suppliers during the new product development process. 
A mixed integer non-linear programming model to determine an optimal  
inventory policy that coordinates the transfer of items between different stages of a serial 
supply chain was proposed by Mendoza and Ventura (2010). This model can properly 
allocate orders among selected suppliers. Talluri and Baker (2002) presented a  
multi-phase mathematical programming approach for effective supply chain design. More 
specifically, they developed and applied a combination of multi-criteria efficiency 
models, based on the game theory concept, and linear and integer programming methods. 
Cormican and Cunningham (2007) discovered that reducing the number and improving 
the quality of suppliers resulted in increased quality, reduced lead time and a reduction in 
the number of errors and defects, by evaluating supplier performance from a large 
multinational organisation. 
In recent years, data envelopment analysis (DEA) has been used to measure the 
efficiency of decision-making unit (DMU) in many different settings, such as efficiency 
and effectiveness in operations management (Aksezer and Benneyan, 2010; Goncharuk, 
2007), SCM (Kim et al., 2011; Parkan and Wang, 2007; Das and Barman, 2010), sport 
industry (Boscá et al., 2009; Cooper et al., 2009), construction industry (El-Mashaleh  
et al., 2010; Baykasoglu et al., 2009), the farming industry (Mulwa et al., 2009) and the 
banking industry (Azadeh et al., 2010; Cooper et al., 2008; Paradia et al., 2010). DEA 
was applied by Weber (1996) in supplier evaluation problem. In this study, the criteria for 
selecting suppliers were significant reductions in costs, late deliveries and rejected 
materials. Weber et al. (2000) also presented an approach for evaluating the number of 
suppliers to employ in a procurement situation using multi-objective programming 
(MOP) and DEA. Talluri et al. (2006) suggested a chance-constrained data envelopment 
analysis (CCDEA) approach in the presence of multiple performance measures that are 
uncertain. Kang and Lee (2010) suggested a supplier performance evaluation model 
based on AHP and DEA methods. In this study, DEA is applied first to evaluate 
quantitative factors, and the results are transformed into pairwise comparison values for 
AHP analysis. Joo et al. (2009) used DEA to performance evaluation of existing 
suppliers. This study is an attempt to evaluate and score a focal company’s existing 
suppliers of various commodities. The goal is to rate the suppliers comparatively using 
common measurable characteristics. 
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In this paper, DEA as a non-parametric and multiple criteria decision-making tool is 
used to suppliers’ evaluation. DEA was first introduced by Charnes, Cooper, and Rhodes 
(CCR) in 1978 and it is a linear-programming-based methodology that uses multiple 
inputs and multiple outputs to calculate efficiency scores. The efficiency score for each 
DMU is defined as a weighted sum of outputs divided by a weighted sum of inputs, 
where all efficiencies are restricted to a range from 0 to 1. To avoid the potential 
difficulty in assigning these weights among various DMUs, a DEA model computes 
weights that give the highest possible relative efficiency score to a DMU while keeping 
the efficiency scores of all DMUs less than or equal to one under the same set of weights 
(Liu et al., 2000). However, sometimes in suppliers’ evaluation problem, there may  
exists a particular situation. To encourage the buyers to order more, suppliers may offer 
volume discounts. While extensive research on economic order quantities with quantity 
discounts exists, only a few methods address the problem from the perspective of supplier 
selection and ranking. Dahel (2003) presented a multi-objective mixed integer 
programming approach to simultaneously determine the number of vendors to employ 
and the order quantities to allocate to these vendors in a multiple-product, multiple-
supplier competitive sourcing environment. Arunkumar et al. (2006) proposed a GP 
model for supplier selection with quantity discounts. They converted the piecewise  
linear problem into an easier linear problem, thereby decreasing the complexity of the 
problem. Xia and Wu (2007) proposed an integrated approach of AHP improved by 
rough sets theory and multi-objective mixed integer programming to simultaneously 
determine the number of suppliers to employ and the order quantity allocated to these 
suppliers in the case of multiple sourcing, multiple products, with multiple criteria and 
with supplier’s capacity constraints. Farzipoor Saen and Zohrehbandian (2008) 
demonstrated the advantages of applying DEA to consider suppliers volume discount 
offers in their evaluation process. In their study, a super-efficiency DEA model was used 
for complete ranking of suppliers. However, the proposed model suffers from 
infeasibility problem. To solve the infeasibility problem, Farzipoor Saen (2008) proposed 
an innovative algorithm for ranking suppliers in the presence of volume discount offers. 
As well, Farzipoor Saen (2009a, 2010) introduced a model which selects the best 
suppliers in the presence of cardinal and ordinal data in the conditions that they offer 
volume discounts. 
The approaches presented by Farzipoor Saen and Zohrehbandian (2008), and 
Farzipoor Saen (2008, 2009a, 2010) had great contribution for considering volume 
discount offers through the DEA concept. However, all these models suffer from some 
limitations. Since, in traditional DEA, each DMU is free to decide which outputs and 
inputs to emphasise, it is common to have many DMUs that are relatively efficient. In 
addition, since each DMU has its own set of weights, all of its weight might be put on a 
single output and input and lead to an unrealistic weighting scheme. To overcome these 
problems, we propose to use the cross-efficiency method introduced by Sexton et al. 
(1986) and developed by Doyle and Green (1994) in volume discount environments. The 
main idea of cross-efficiency is to use DEA in a peer evaluation instead of a  
self-evaluation mode. Anderson et al. (2002) argue that cross-evaluation has two main 
advantages. First, it usually creates a unique ordering among the DMUs. With  
cross-evaluation, since each DMU is rated not only by its own weighting scheme but the 
schemes of the others also, this amalgamation of weighting schemes makes it far more 
difficult to have ties and, in effect, creates a unique ordering in practice. Second,  
cross-evaluation appears to eliminate unrealistic weighting schemes that might be used 
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by the DMUs. Under a cross-evaluation, once the DMU has a chosen weighting scheme 
which has been applied to all DMUs, the efficiency value given to each DMU is set aside 
forming a cross-efficiency matrix. Once the matrix is filled, each DMU has not  
only its own self-evaluation but also the peer evaluations it has received via the other 
DMUs in the sample. The average across self and peer evaluations represent a DMU’s 
cross-efficiency value. A DMU which has a high cross-efficiency value has, therefore, 
passed a more rigorous test since it can not only make itself look good but is considered 
efficient by the majority of its peers. 
The above discussions make it more reasonable to use the cross-efficiency approach 
when suppliers offer volume discounts. The objective of this paper is to propose a  
cross-efficiency model for ranking suppliers in volume discount environments. 
To the best of knowledge of authors, there is not any reference that uses  
cross-efficiency model in volume discount environments. 
3 Proposed method 
Suppose there is a set of n peer DMUs, {DMUj: j = 1, 2, …, n}, which produce multiple 
outputs yrj(r = 1, 2, …, s), by utilising multiple inputs xij(i = 1, 2, …, m). The used 
nomenclatures in this paper are summarised in Table 1. 
Table 1 The nomenclatures 
DMUo The decision-making unit under investigation 
n The set of DMUs (suppliers) 
j = 1 ,…, n Collection of DMUs 
r = 1, …, s The set of outputs 
i = 1, …, m The set of inputs 
yro rth output of DMUo 
yrj rth output of DMUj 
xio ith input of the DMUo 
xij The ith input of DMUj 
ur The weight for rth output 
vi The weight for ith input 
Eoj Shows the relative efficiency of DMUj with the set of optimal weights for inputs 
and outputs of DMUo 
Eoo Is the efficiency score of DMUo by its own set of optimal weights 
cjk Unit price quoted by supplier j in discount interval k 
dj Discount interval offered by supplier j 
The input-oriented CCR model evaluates the supplier under investigation (DMUo)  
(o = 1, …, n) by solving Model (1). 
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As mentioned earlier, by using Model (1) it is common to have many DMUs that are 
relatively efficient. In addition, since each DMU has its own set of weights, all of its 
weight might be put on a single output and input and lead to unrealistic weighting 
schemes. 
At this juncture, to create a unique ordering among the efficient DMUs and to 
eliminate unrealistic weighting schemes in Model (1), we use the cross-efficiency form of 
this model. For each DMUo (o = 1, ..., n), in Model (1), we can obtain a set of optimal 
weights (multipliers) ( )* *, .r iu v  Using these set of weights, the cross-efficiency for any 



















where Eoj shows the relative efficiency of DMUj with optimal weights for inputs and 
outputs of DMUo. One can compute the average of the efficiencies in each column to get 
a measure of how the DMUs associated with the column are rated by the rest of  
the DMUs. Good operating practices more likely to be exhibited by relatively  
efficient DMUs offering high average efficiencies in their associated columns in the 
cross-efficiency matrix. Since Model (1) will be run n times for n DMUs, respectively, 
each DMU will get n efficiency scores, which construct a matrix, called cross-efficiency 
matrix. For DMUj (j = 1, …, n), the average of all Eoj(o = 1, …, n), can be used as an 
efficiency measure for DMUj, and will be referred to as the cross-efficiency score for 







= ∑  (3) 
The non-uniqueness of the DEA optimal weights possibly reduces the usefulness of the 
cross-efficiency which considers volume discount offers. To overcome this problem, 
Doyle and Green (1994) suggested the use of aggressive and benevolent cross-evaluation. 
A cross-evaluation is aggressive/benevolent in the sense that it selects a set of weights 
which not only maximise the efficiency of a particular DMU under evaluation, but also 
minimise/maximise the efficiencies of all other DMUs in some sense. We run the 
aggressive formulation of Model (1) and show it as Model (4). Note that the benevolent 
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where Eoo is the efficiency of DMUo obtained from Model (1). Now the algorithm which 
can rank the suppliers in the presence of volume discount offers is introduced. In this 
paper, supplier is considered as DMU. Consider a procurement situation that suppliers 
provide different levels of price, product quality, delivery performance, etc. Also, 
depending on the buyer’s purchase quantity, supplier j offers a volume discount having dj 
discount intervals according to business volume. 
4 Algorithm for suppliers ranking 
In this section, the algorithm proposed by Farzipoor Saen (2008) is presented. The steps 
are as follow: 
1 Determine quantity of demand 
 In this step, the buyer determines the desired quantity of material. To determine the 
demand quantity the techniques such as material requirement planning (MRP) and 
ANNs can be used. 
2 Identify the price vector for the desired quantity 
 In this step, for each supplier, piecewise linear function of material price is 
partitioned so that the material price of each supplier in the related interval becomes 
a constant parameter, i.e., intersections of material price breaks of all suppliers are 
computed. Assume that there are three suppliers. Figure 1 shows this step 
graphically. 
3 Apply Model (1) for each intersection 
 In this step, with respect to material price in each intersection (including n suppliers) 
and other criteria such as quality, delivery performance, etc.; an appropriate DEA 
model is applied. The suppliers in this step will be categorised in two sections of 
efficient and inefficient suppliers. 
4 To find the optimal weights of variables, run Model (4). 
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5 To construct the cross-efficiency matrix, use the weights of variables derived from 
previous step and calculate formula (2). 
6 To derive the final peer appraisal efficiency score of suppliers, calculate formula (3). 
7 To recognise the maverick suppliers, calculate formula (5). 
8 Interpret the results. 
Figure 1 Intersections of price breaks of three suppliers 
 
Source: Farzipoor Saen (2008) 
5 Numerical example 
In order to demonstrate the application of the proposed model, the dataset for this study is 
taken from Farzipoor Saen (2008). The inputs for selecting suppliers include price (P) 
and number of shipments (NS). The outputs utilised in the study are number of bills 
received from the supplier without errors (NB) and number of shipments to arrive on time 
(NOT). The price breaks for ordered quantity are given in Table 2, according to the 
discount range of each supplier. Table 3 depicts other attributes of suppliers. 
First, assume that the buyer’s demand is 9 tons. Next, intersections of price breaks for 
all suppliers are determined. Table 4 shows the related price vector of 9 tons. 
Table 5 shows the efficiency scores of suppliers, using Model (1), and their ranking 
results. Using this model, each supplier seeks to maximise its efficiency score by 
choosing a set of optimal weights for all inputs and outputs. In this evaluation, the best 
suppliers are suppliers 2, 3, 5, 6, and 12 which their efficiency scores equal to unity. 
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Table 2 Price breaks 
Supplier no. (DMU) Ranges (tons) Price ($) 
[0, 10] 10 
(10, 15] 9 
1 
(15, +∞) 7 
[0, 5] 8 2 
(5, +∞) 5 
[0, 6] 20 
(6, 10] 18 
(10, 15] 15 
3 
(15, +∞) 13 
4 [0, +∞) 12 
[0, 8] 10 5 
(8, +∞) 9 
[0, 11] 15 6 
(11, +∞) 12 
7 [0, +∞) 13 
[0, 4] 11 
(4, 7] 10 
8 
(7, +∞) 8 
[0, 12] 8 9 
(12, +∞) 7 
[0, 15] 14 
(15, 20] 12 
10 
(20, +∞) 9 
11 [0, +∞) 11 
12 [0, +∞) 14 
Table 3 Dataset for 12 suppliers 
Input  Outputs 






1 197  90 187 
2 198  130 194 
3 229  200 220 
4 169  100 160 
5 212  173 204 
6 197  170 192 
7 209  60 194 
8 203  145 195 
9 208  150 200 
10 203  90 171 
11 207  100 174 
12 234  200 209 
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Table 4 Related price vector of 9 tons 













Table 5 Efficiency scores and ranking using Model (1) 
Supplier no. (DMU) Efficiency scores derived by Model (1) Ranking 
1 0.969 8 
2 1 1 
3 1 1 
4 0.966 9 
5 1 1 
6 1 1 
7 0.947 10 
8 0.984 7 
9 0.986 6 
10 0.860 11 
11 0.858 12 
12 1 1 
Since Model (1) cannot give a complete ranking and there are ties among five efficient 
suppliers, the cross-efficiency evaluation is used to derive suppliers’ complete ranking. 
Table 6 shows the cross-efficiency matrix. 
Table 7 shows the suppliers final efficiency scores and final rankings derived by the 
cross-efficiency approach. As the last column of this table shows, supplier 2 is the most 
efficient supplier and is the first candidate for selection. 
To statistically compare the results of the suppliers self and peer evaluations, the  
non-parametric Spearman correlation analysis between their ranking results is shown in 
Table 8. 
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Table 7 Results of evaluation via cross-efficiency approach 
Supplier no. (DMU) Cross-efficiency scores Rank 
1 0.7883 9 
2 0.9543 1 
3 0.9127 6 
4 0.8120 8 
5 0.9503 2 
6 0.9206 4 
7 0.6984 11 
8 0.9168 5 
9 0.9225 3 
10 0.6945 12 
11 0.7246 10 
12 0.8874 7 
Table 8 Correlation coefficient between suppliers self and peer evaluations ranking 
 Self-evaluation Peer evaluation 
Self-evaluation Correlation 
coefficient 
1 0.7819 Spearman’s rho 
Peer evaluation Correlation 
coefficient 
0.7819 1 
Table 9 False positiveness of the suppliers 













As correlation coefficient between the results of two approaches, at significant level of 
0.01, is 0.7819, there is a significant relationship between their results. However, since 
ranking of some suppliers such as suppliers 3 and 12 in peer evaluation has considerably 
decreased, applying the model proposed in this paper is necessary. These changes happen 
because suppliers in their self-evaluations are free to choose which inputs and outputs to 
emphasise. 
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Here, using the maverick index in the cross-efficiency evaluation suggested by Doyle 
and Green (1994) or the false positive index (FPI) defined by Baker and Talluri (1997), 







= ×  (5) 
We can use the FPI in identifying the maverick suppliers. They are those suppliers  
which enjoy the greatest relative increment when shifting from peer evaluation to  
self-evaluation. Note that the higher FPI, the more false positive (maverick) is  
DMUo. Table 9 shows the amount of the FPI for the 12 suppliers. Supplier # 7 with the 
35.59565 of FPI is assumed as the most maverick supplier and will enjoy the greatest 
relative increment when shifting from peer evaluation to self-evaluation. 
6 Managerial implications 
Managing the purchasing task in the supply chain has been a challenge in the last decade 
for many companies. The need to obtain a global competitive edge on the supply side has 
increased significantly. Particularly for companies who spend a high percentage of their 
sales revenue on parts and material supplies, and whose material costs represent a larger 
portion of total costs, savings from supplies are of great importance (Farzipoor Saen, 
2009b). As Liao and Kao (2010) argue, supplier selection is one of the critical  
decision-making activities to obtain competitive advantage and achieve supply chain 
objectives. To reach this purpose, the purchasing managers should apply the best method 
to solve supplier selection problem. Supplier selection is the process of finding suitable 
suppliers from the set of alternative suppliers who can be strategic partners to the 
organisation and provide the right quality of product or services at the right price and at 
the right time (Mahpatra, 2011). To this end, this paper presented a usage of DEA  
cross-efficiency evaluation to achieve the peer appraisal of suppliers instead of their  
self-appraisal when suppliers offer volume discounts. 
7 Concluding remarks 
With the increasing significance of the purchasing function, purchasing decisions become 
more important. As organisations become more dependent on suppliers the direct and 
indirect consequences of poor decision-making become more severe. For example, in 
industrial companies, purchasing share in the total turnover typically ranges between 50-
90% (Telgen, 1994). In addition, several developments further complicate purchasing 
decision-making (Boer et al., 2001). 
In this paper, DEA as a multiple criteria decision-making tool is used to evaluate and 
select suppliers. In applying DEA, we discussed about a particular situation in which 
suppliers offer volume discounts to foster the purchase of large volumes. In the 
meantime, appearance of a new discount pricing schedule entitled ‘volume discount’ 
becomes a major obstacle for procurement managers in finding the best purchasing 
strategy. In the context of volume discount, a supplier offers discounts on total amount of 
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volume purchased from the supplier (Farzipoor Saen, 2010). To derive a complete 
ranking of suppliers and eliminate unrealistic weighting schemes among suppliers, the 
cross-efficiency approach is used. The supplier selection approach developed in this 
paper includes a number of attractive features, as below: 
• the proposed model evaluates suppliers in a multi-criteria context 
• supplier selection is a straightforward process carried out by the proposed model 
• to achieve the peer appraisal of suppliers instead of their self-appraisal, the  
cross-efficiency model in volume discount environments is used 
• the proposed model can be easily computerised, enabling it to serve as a  
decision-making tool to assist decision-makers. 
However, limitation of proposed model in this paper is radial assumption of the model. In 
DEA, non-zero input and output slacks are very likely to reveal themselves after the 
radial efficiency score improvement. Often, the non-zero slack values reveal a 
considerable amount of inefficiency. Therefore, in order to fully measure the inefficiency 
in DMUs performance, it is essential to consider the inefficiency represented by the  
non-zero slacks in the existence of volume discounts. 
The problem considered in this study is at the initial stage of investigation and further 
researches can be done based on the results of this paper. Some of them are as below: 
• Similar research can be repeated in the presence of undesirable outputs. 
• Similar research can be repeated in the presence of stochastic data. 
• This study used the proposed model for ranking suppliers. It seems that more fields 
(e.g., technology ranking, personnel ranking, market ranking, etc.) can be applied. 
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